SUMMARY The urinary extraction of albumin, retinol binding protein, and N-acetyl-,-Dglucosaminidase were studied in 60 children with insulin dependent diabetes mellitus and in 45 normal children to find out whether the renal tubules played a part in causing the early increase in urinary excretion of albumin that occurs in diabetes mellitus. Two overnight urine samples were collected and the protein excretion measured and expressed as the geometric mean of the protein to creatinine ratio (urinary albumin:creatinine ratio, urinary retinol binding protein:creatinine ratio, and urinary N-acetyl-13-D-glucosaminidase:creatinine ratio, respectively). The excretion of all three proteins was significantly higher in the diabetic children with 15 (25%) of urinary albumin:creatinine ratio, 16 (27%) of urinary retinol binding protein:creatinine ratio, and 43 (72%) of urinary N-acetyl-j3-D-glucosaminidase:creatinine ratio values being above the normal range. Significant correlations were observed between urinary albumin:creatinine ratio and urinary retinol binding protein:creatinine ratio, urinary albumin:creatinine ratio and urinary N-acetyl-,3-D-glucosaminidase:creatinine ratio, and urinary retinol binding protein:creatinine ratio and urinary N-acetyl-j-D-glucosaminidase:creatinine ratio. There were also significant correlations between glycated haemoglobin lc (HbA,,) and these proteins, especially N-acetyl-13-D-glucosaminidase. No correlations were observed with the fractional excretion of sodium, flow rate of urine, glomerular filtration rate, or blood pressure.
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These data show that tubular abnormalities are present early in the course of insulin dependent diabetes mellitus and suggest that the early increase in urinary excretion of albumin may be at least partly tubular in origin, and that glycaemic control may influence this aspect of proximal tubular function.
Raised urinary excretion of albumin has been reported in 10-20% of children with insulin dependent diabetes mellitus.' -4 The importance of this remains unclear, however, and the finding of a high within individual variability of urinary excretion of albumin in both normal and diabetic children,5 and a possible association with the degree of immediate metabolic control in the diabetics, increases the problems of understanding its pathogenesis.
The excessive excretion of protein that characterises overt diabetic nephropathy is generally thought to be caused by increased glomerular permeability to protein, and it has been assumed that the variably raised urinary excretion of albumin that occurs early in diabetes is caused by a milder degree of the same pathogenic mechanism.6 7 The reasons for this assumption include the fact that glomerular filtration rate is raised early in the course of insulin dependent diabetes mellitus,8 9 the fact that antihypertensive drugs decrease urinary excretion of albumin in both diabeticsl' and patients with essential hypertension,1' and the morphological alterations in the structure and biochemistry of the diabetic glomerular basement membrane early in the course of the disease. '2 13 This interpretation of the early rise in the urinary excretion of albumin depends on the assumption that tubular fractional reabsorption of filtered albumin is unchanged. Urinary sodium and plasma sodium concentrations were measured by flame photometry. Fractional excretion of sodium measured in the diabetic children was calculated from the formula: fractional excretion of sodium= (urinary sodium/plasma sodium concentration)/(urinary creatinine/plasma creatinine concentration). In addition, as plasma sodium and creatinine concentrations were not measured in the normal children, the urinary excretion rates of sodium were compared in normal and diabetic children (mmol/minute).
Glycated haemoglobin lc (HbA,c) was measured by electrophoresis, the normal range being 5-8%.
Computation and statistical analysis were done using the Statistical Analysis System (SAS Institute Inc). Urinary albumin:creatinine ratio, urinary retinol binding protein:creatinine ratio, urinary Nacetyl-13-D-glucosaminidase:creatinine ratio and Renal tubular proteinuria and microalbuminuria in diabetic patients 131 urinary (2 microglobulin:creatinine ratio were shown to be logarithmically normally distributed by normal order plots.5 Results were therefore transformed logarithmically before analysis. The unpaired Student's t test, linear regression by the least square method, and multiple regression, were used to analyse the data.
Results
Geometric means (range, 2 SD) for urinary albumin:creatinine ratio, urinary retinol binding protein:creatinine ratios, and urinary N-acetyl-(3-Dglucosaminidase:creatinine ratios were significantly higher in diabetic compared with normal children (table 1). In the diabetic children, 15 (25%) of urinary albumin:creatinine ratio, 16 (27%) of urinary retinol binding protein:creatinine ratio, and 43 (72%) of urinary N-acetyl-f-D-glucosaminidase: creatinine ratio values were more than two standard deviations above the mean for the normal children.
Mean (SD) glomerular filtration rate in the diabetic children was 129 (19) ml/minute/1-73 m2 surface area, which was significantly greater than 109 (13) (p<0-001) in the control subjects (table 2) , and (30%) had values about the normal range. The mean diastolic (but not systolic) blood pressure standard deviation score was significantly raised in the diabetic children, as was the urinary flow rate but not the sodium excretion (table 2).
Significant positive correlations were found between urinary albumin:creatinine ratio and urinary retinol binding creatinine:creatinine ratio (r=0-67, p<0-0001), urinary albumin:creatinine ratio and urinary N-acetyl-(3-D-glucosaminidase:creatinine ratio (r=0-55, p<00001), and urinary retinol binding creatinine:creatinine ratio and urinary Nacetyl-,B-D-glucosaminidase:creatinine ratio (r=0-70, p<O-OOOl) (figs 1, 2, and 3 urine samples from the diabetic children, the pH was between 6-5 and 9.5. In these samples, the correlation between urinary 12 microglobulin: creatinine ratio and urinary retinol binding protein: creatinine ratio was highly significant (r=0-68, p<O0OOOl). Concentrations of all three proteins correlated weakly but significantly with age in diabetic but not in normal children, and there was a weak correlation between duration of disease and urinary N-acetyl-13-D-glucosaminidase:creatinine ratio but not with the other proteins ( When the association between urinary albumin: creatinine ratio and glomerular filtration rate was studied it was found that although there was no significant correlation between them (r=0-29, NS), seven of 10 diabetic children who had urinary albumin:creatinine ratio above the the normal range also had glomerular filtration rate above the normal range (p<0001, x2). There was no association between urinary retinol binding protein:creatinine ratio or urinary N-acetyl-13-D-glucosaminidase: creatinine ratio and glomerular filtration rate, or between blood pressure and urinary excretion of any of the proteins. There was no correlation between urinary excretion of proteins and urinary flow rate or fractional excretion of sodium in either the diabetic or the normal children.
Discussion
We have found that children and adolescents with insulin dependent diabetes mellitus have significantly raised urinary excretion of albumin, retinol binding protein, and N-acetyl-fp-D-glucosaminidase. The good correlation between the excretion of all three In conclusion, our data demonstrating increased excretion of retinol binding protein and N-acetyl-fi-D-glucosaminidase in association with positive correlations with urinary albumin:creatinine ratio in children with insulin dependent diabetes mellitus indicate that renal tubular function is impaired early in the course of the disease, and may be at least partly the cause of the early abnormal urinary excretion of albumin. Whether the tubular abnormalities are purely functional requires further study of the mechanisms of tubular absorption in both normal and diabetic subjects. 
